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MONO DIAMETER WEULBORE CASWG 



Cross Reference To Related Applications 
[001] The present application claims the benefit of the filing dates of (I) U.S. provisional patent 
application serial no. 60/387.486, attorney docket no 25791.107, filed on 6/10/2002, the disclosure of 
which is incorporated herein by reference. 

[002] The present application is related to the following: (1) U.S. patent application serial no. 
09/454.139, attorney docket no. 25791.03.02, filed on 12^/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 
09/502,350. attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 
09/440,338. attorney docket no. 25791.9.02. filed on 1 1/15/1999. (5) U.S. patent application serial no. 
09/523,460, attorney docket no. 25791.11.02. filed on 3/10/2000, (6) U.S. patent application serial no. 
09/512,895, attorney docket no. 25791.12.02. filed on 2/24/2000, (7) U.S. patent application serial no. 
09/51 1.941, attorney docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent appUcation serial no. 
09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 
09/559,122, attorney docket no. 25791.23.02, filed on 4/26G0O0, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02. filed on 7/9/2000, (11) U.S. provisional patent 
application serial no. 60/162.671.attomey docket no. 25791.27.filedonll/l/1999.(12)U.S.provisiond 

patent application serial no. 60/154,047. attorney docket no. 25791.29. filed on 9/16/1999. (13) U.S. 
provisional patent application serial no. 60/1 59.082, attorney docket no. 25791 .34, filed on 10/12/1999, 
(14) U.S. provisional patent appKcation serial no. 60/159,039, attorney docket no. 25791.36, filed on 
10/12/1999. (15)U.S. provisional patent application serial no. 60/159,033, attorney docket no. 25791 .37, 
filed on 10/12/1999. (16) U.S. provisional patent application serial no. 60/212.359, attorney docket no. 
25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 60/165,228, attorney 
docket no. 25791. 39, filed on 1 1/12/1999, (18)U.S. provisional patent application serial no. 60/221,443, 
attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
60/221,645, attorney docket no. 25791 .46, filed on 7/28/2000, (20) U.S. provisional patent application 
serial no. 60/233,638, attorney docket no. 25791.47. filed on 9/18/2000, (21) U.S. provisional patent 
application serial no. 60/237.334, attorney docket no. 2579 1 .48, filed on 10/2^000, (22) U.S. provisional 
patent application serial no. 60/270.007. attorney docket no. 25791.50, filed on 2/20/2001, (23) U.S. 
provisional patentapplicationserialno.60/262,434,atlomeydocketno.25791.51,filedon 1/17/2001,(24) 

U.S.provisional patent application serial no.60/259,486.attomey docket no. 25791.52, filed on 1/3/2001. 
(25) U.S. provisional patent application serial no. 60^03,740, attorney docket no. 25791.61, filed on 
7/6/2001. (26) U.S. provisional patent application serial no. 60/313,453. attorney docket no. 25791.59, 
filed on 8/20/2001. (27) U.S. provisional patent application serial no. 60/317.985, attorney docket no. 
25791.67, filed on 9/6/2001, (28) U.S. provisional patent appUcation serial no. 60/3318,386, attorney 
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docket no. 25791.67.02. filed on 9/10/2001, (29) U.S. utility patent application serial no. 09/969,922, 

attorney docket no. 25791.69, filed on 10/3/2001, (30)U.S. utility patent application serial no. 10/016.467, 

attorney docket no. 25791.70, filed on 12/10/2001; (31) U.S. provisional patent appUcation serial no. 

60/343,674, attorney docket no. 25791.68, filed on 12/27/2001; (32) U.S. provisional patent application 

serial no. 60/346,309, attorney docket no 25791.92, filed on 1/7/2002; (33) U.S. provisional patent 

application serial no. 60/3 /7,U45, anomey aocitci no. .& j / 7 1 .yj, ■« - « — , v- v r 

patent appUcation serialno. 60/372,632, attorney docketno.25791.101.filedon4/15/2002;and(35)U.S. 

provisional patentapplication serial no. 60/380.147.attomey docket no. 25791.104,filedon 5/6/2002. th^ 

disclosures of which are incorporated herein by reference. 

Bacl^roand of the Invention 
[003] This invention relates generally to oil and gas exploration, and in particular to fonning and 
repairing weUbore casings to facilitate oil and gas exploration and production. 
[004] Conventionally, when a wellbore is created, a number of casings are installed in the borehole 

. to prevent collapse of the borehole waU and to prevent undesired outflow of drilling fluid into the 
formation or inflow of fluid ftom the fonnation into the borehole. The borehole is drilled in intervals 
whereby a casing which is to be installed in a tower borehole interval is towered through a previously 
iiurtalled casing of an upper borehole mterval. As a consequence of this procedure the casing of the 
tower interval is of smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested anangement with casing diameters decreasing in downward direction. Cement annul! are 
provided between the outer surfeces of the casing? and the borehole wall to seal the casings from the 
boiehote wall. As a consequence of this nested arrangement a relatively large borehole diameter is 
required at the upper part of the wellboi*. Such a large borehole diameter involves increased costs due 
to heavy casing handling equipment, large drill bits and increased volumes of drilling fluid and driil 
cuttings. Moi«)ver, increased driUing rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters drilled in the course of 
the well, and flie large volume of cuttings drilled and removed. 

[005] The present invention is directed to overcoming one or more of the limitations of the existing 
processes for fonning and repairing wellbore casings. 

Summary of the Invention 
[006] Accordingtooneaspectofthepresentinvention.amethodoffoimkgamonodiameterwellbo.B 

casingwithinaborehole that traversesasubteiraneanfonnafion is provided that inctodes^^ 
wellbore casingwithin the borehole, radially expanding and plastically deforiningthefi^ 
within theborehole,positioningasecondweUbotecasbgwithintheboi€hoteinove^^^^ 
fnst wellbore casing, iHdially expanding and plastically deformingthe second wellbore ^^^^ 

borehole, radially expanding and plastically deformmg the overlapping portions of the first and second 
wellbore casings, and radially expandingandplasticanydefomiingatleastapo^ 

2 



wo 03/104601 



PCT/US03/13787 



casing that does not overlap witb the firet wellbore casing. The inside diameter ofthe portion ofthe first 
wellbore casing that does not overlap with the second wellbore casing is substantially equal to the inside 
diameter ofthe radially expanded and plastically deformed portions of the second wellbore casing, an 
apparatus and mefliod for forming a mono diameter wellbore casing is provided. 
[007] According to another aspect ofthe present invention, an apparatus for forming a mono diameter 
wellbore casing is provided that includes means for positioning a first wellbore casing within the borehoie, 
means for radially expanding and plasticallydeformingthe first weUborecasingwithin the borehole, means 
for positioning a second wellbore casing within the borehole in overlapping relation to the first wellbore 
casing, means for radially expanding and plastically deforming the second wellbore casing within the 
borehole, means for radially expanding and plastically deforming the overlapping portions ofthe first and 
second wellbore casings, and means for radially expanding and plastically deforming at least a portion of 
the second wellbore casing that does not overlap with the firstwellbore casing, wherein the inside diameter 
of the portion of the first wellbore casing that does not overlap with the second wellbore casing is 
substantially equal to the iiiside diameter of the radially expanded and plastically defonned portions ofthe 
second wellbore casing. 

[008] According to another aspect ofthe present invention, an apparatus for radially expanding and 
plastically deforming a tubular member is provided that includes a tubular adapter defining a longitudinal 
passage, a tubular outer sleeve coupled to the tubular adapter defining a longitadmal passage, a tubular 
hydraulic sHp body coupled to the tubular outer sleeve defmingaplurality of l^shaped bypass po^ 
plurality of radial hydraulic slip mounting passages, a plurality of hydraulic slips movably coupled and 
positioned within corresponding radial hydraulic slip mounting passages for engagingthe tubular member, 
atubular packer cup mandrel coupled to the tubular hydraulic slip body defininga longitudinal passage, a 
plurality of packer cups coupled to the tubular packer cup mandrel for sealingly engaging the tubular 
member, a tubular shoe positioned withm and movably coupled to the tabular outer sleeve defining a 
longitadinal passage, a tabular imier mandrel positioned within and movably coupled to the tabular 
hydraulic slip body coupled to the tabular shoe defining a longitadinal passage and a plurality of radial 
bypass ports, a tabular expansion cone mandrel coupled to the tabular hiner mandrel defming a 
longitadinal passage having a throat passage for receiving a ball, an I^shaped bypass port, and a radial 
pressure port, a tabular expansion cone coupled to the tabular expansion cone including a tapered outer 
expansion surface for radially expanding and plastically defommg the tabular member, a tabular guide 
nose coupled to the tabular expansion cone mandrel defmmg a longitadinal passage, a bypass tabe 
positioned within the tabular inner mandrel coupled to the expansion cone mandrel and the tabular shoe 
definingalongitadinal passage, and an ammlar longitadinal bypass passage defined between the tabular 

inner mandrel and the bypass tabe. 

[009] According to anoAer aspect of the present invention, an apparatas for radially expanding and 
plastically deforming a tabular member is provided that includes a tabular support member defmmg a 
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longitudinal passage,atubularoutersleevecoupledtothetubolar support mem 

passage and a plurality of radial bypass ports, an hydraulic slip coupled to the tubular outer sleeve for 
controHablyengagingthe tubular meinber.oneor more packer cups coupledtothetubularoutersl^^^ 
seaHnglyengagingthe tubular member.atubular inner sleeve positioned within and movablycoup^^ 
the tubular outersleevedefmingalongitudinal passage. anannulartongitudinalby,^^ 

couoled to the tubular inner sleeve defining a 
more radial bypass passages, aiiu a luuuioi viv|/««- - . 

longitudinal passage having a throat passage for «ceivi„g a baU. an L-shaped bypass port, and a radial 
pressur^portincludingantaperedouterexpansionsurfaceforradiallyeKpanding^^ 

the tubular momber. 

lOOlO] According to another aspect of the present invention, a metfiod of nulially expanding and 
plastically deforming a wellbore casing positioned within a borehole that tn.ve.ses a subterranean 
formation is provided that includes positioning an outer tubular sleeve and an inner tubular sleeve 
comprisinganexpansionconewithintheborehole, wherein the innertubularsleeveismov^^^ 

. . — « fl.,;/iiV miitftrial into the mner and 
and at least partially housed within the outer tuouiar sieevc. .ujow^.b - 

outer tubular sleeves. coupUng the outer tubular sleeve to the wellbore casing, and extending the rnner 
tubular sleeve out ofthe outer tubular sleeve into the wellborn casing to radially expa^^ 

deform a portion of the wellbore casing using the expansion cone. 

room According to another aspect of the present invention, an apparatus for radially expanding and 
ph^tically defonning a wellbore casing positioned within a borehole that traverses a subterrau^ 
formation is provided that includes means for positioning an outer tubular sleeve and an inner tubukr 
sleeve comprising an expansion cone within the borehole, ^vherein the inner tubular sleeve is movably 
coupled ,0 and at least partially housed within the outer tubular sleeve, means for inject.ng a flu.d.c 
material into the inner and outer tubular sleeve, means for coupling the outer tubular sleeve to the 
wellbor^casing, and means forextendingtheinnertubular sleeve outoftheoutertubularsle^em^^ 

v^llbore casing .0 radially expand and plastically deform a portion of the wellbore casing using the 

expansion cone. 

Brief Description of the Drawings 
100121 Fig. 1 is a ftagmenta,^ cros^sectional illustration of a borehole that traverses a subterranean 
formation that includes first and second overlapping and radiafly expanded and plastically defonned 

wellbore casings. 

,00131 Fig..2»2.a«tagm™»^°«-«*«-'^=^"^ 
L.ppa«.fbrlbnBing.n»™.di«»««^bo,.-ing.M*.«»bo«l«^ 

portions oftbe first and second weUbore casings. 

^014]Fig.2disaf«gmentarycros.sectionalilhis,rationofoneofthebyd^^^^ 
Figs- 2a-2c. 
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[0015] Figs. 3a-3c are ftagmentaiy cross-sectional illustrations of the apparatus of Figs. 2a-2c after 
activating the apparatus for forming a mono diameter wellbore casing to thereby radially expand the 
overlapping portions of the first and second wellbore casings. 

[0016] Figs. 4a-4c are fragmentary cross-sectional illustrations of the apparatus of Figs. 3a-3c after 
deactivating and repositioning the apparatus for fomiing a mono diameter wellbore casing proximate 
another portion of the overlapping portion of the fii^ and seccmd wellbore casings. 
[0017] Fig. 5a-5c are fragmentaiy cross sectional illustrations of the apparatus of Figs. 4a-4c after 
reactivating the apparatus for forming a mono diameter wellbore casing to thereby radially expand the 
other overlapping portions of flie first and second wellbore casing? and a non overlapping portion of the 
second wellbore casing. 

[001 8] Fig. 6 is a fragmentary cross-sectional illustration of the apparatus of Figs. 5a-5c after foimmg a 
mono diameter wellbore casing that includes the first and second wellbore casings. 

Detailed Description of the Illustrative Embodiments 
[0019] In an exemplary embodiment, as illustrated in Fig. 1, a borehole 10 that traverses a 
subterranean formation 12 includes a first wellbore casing 14 and a second weUbore casing 16. The 
borehole 10 may be positioned in any orientation, for example, from vertical to horizontal. The 
subterranean formation 12 may include, for example, a source of hydrocarbons and/or geothermal 
energy. In an exemplary embodiment, the first wellbore casing 14 is positioned within the borehole 10 
and radially expanded and plastically deformed. TTie second wellbore casing 16 is then positioned 
within the borehole 10 in an overlapping relation to the first wellbore casing 14 and is then radially 
expanded and plastically deformed. As a result, the upper end of the second wellbore casing 16 is 
coupled to and positioned within the lower end of the first wellbore casing 14. The overlapping 
portions 18 of the first and second wellbore casings. 14 and 16, are thereby coupled to one another 
within tfie borehole 10. 

[0020] In several exemplary embodiments, the first and second wellbore casings, 14 and 16, are 
radially expanded and plastically deformed in an overlapping relationship using one or more of the 
methods and apparatus disclosed in one or more of the following: (1) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 
09/502,350, attomey docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 
09/440,338, attorney docket no. 25791 .9.02. filed on 1 1/15A999, (5) U.S. patent appUcation serial no. 
09/523,460, attomey docketno. 25791.11.02, filed on 3/10/2000,(6)U.S. patent application serial no. 

09/512,895. attomey docket no. 25791.12.02. filed on 2/24/2000. (7) U.S. patent application serial no. 
09/5 1 1.941 . attomey docket no. 25791.16.02. filed on 2^4/2000. (8) U.S. patent application serial no. 
09/588,946. attomey docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent application serial no. 
09/559.122. attomey docket no. 25791 .23.02. filed on 4^6/2000. (10) PCT patent application serial 
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no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent 
application serial no. 60/162,671, attorney docket no. 25791 .27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, 
(13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney docket no. 
25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no. 25791 .37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359, attorney docket no. 25791 .38, filed on 6/19/2000. (17) U.S. provisional patent application 
serial no. 60/165,228. attorney docket no. 25791.39, filed on 1 1/12/1999, (1 8) U.S. provisional patent 
application serial no. 60/221,443. attorney docket no. 25791.45. filed on 7/28/2000, (19) U.S. 
provisional patent application serial no. 60/221.645, attorney docket no. 25791.46. filed on 7/28/2000, 
(20) U.S. provisional patent application serial no. 60/233.638. attorney docket no. 25791.47. filed on 
9/18/2000, (21) U.S. provisional patent applicaUon serial no. 60/237334. attorney docket no. 
25791.48. filed on 10/2/2000, (22) U.S. provisional patent application serial no. 60/270.007, attoiney 
docket no. 25791 .50, filed on 2/20/2001, (23) U.S. provisional patent application serial no. 
60/262,434. attorney docket no. 25791.51, filed on 1/17/2001, (24) U.S. provisional patent application 
serial no. 60/259.486. attomey docket no. 25791.52, filed on l/3/2001.(25)U.S.p«>visional patent 

application serial no. 60/303.740, attomey docket no. 25791.61, filed on 7/6/2001, (26) U.S. 
provisional patent application serial no. 60«l3,453,attomey docket no. 25791.59,filed on 8/20/2001, 

(27) U.S. provisional patent appUcation serial no. 60«17,985, attomey docket no. 25791.67. filed on 
9/6/2001. (28) U.S. provisional patent application serial no. 60/331 8,386, attomey docket no. 
25791.67.02, filed on 9/10/2001, (29) U.S. utility patent application serial no. 09/969,922, attomey 
docket no. 25791.69. filed on 10/3/2001, (30) U.S. utility patent application serial no. 10/016,467, 
attorney docket no. 25791.70. filed on 12/10/2001; (31) U.S. provisional patent application serial no. 
60/343,674. attomey docket no. 25791 .68, filed on 12^7/2001; (32) U.S. provisional patent 
application serial no. 60/346^09, attorney docket no 25791.92, filed on 1/7/2002; (33) U.S. 
provisional patent application serial no. 60/372,048, attomey docket no. 25791 .93. filed on 4/12A5002; 
(34) U.S. provisional patent application serial no. 60/372,632, attomey docket no. 25791.101. filed 00 
4/15/2002; and (35) U.S. provisional patent application serial no. 60/380,147. attomey docket no. 
25791.104, filed on 5/6/2002. the disclosures of which are incorporated herein by reference. 
[0021] a1 illustrated in Figs. 2a-2d, in an exemplary embodiment, an apparatus 1 00 for fomiing a 
mono diameter wellbore c^ing is then positioned within the borehole 10 proximate the overlapping 
portions 18 of the fast and second wellbore casing. 14 and 16. that includes a tubular support member 
102 that defines a longitudmal passage 102a. An end 104a of a tubular adaptor 104 that defines a 
longitudinal passage 104b is threadably coupled to an end 102b of the tubular suppori member 102 that 
includes an external flange 1 04c having an externally recessed portion 104d at another end 1 04e that 
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includes an externally tapered end face 1 04f. In an exemplary embodiment, the tubular support 
member 102 is a drill pipe. 

[0022] An end 106a of a tubular outer sleeve 106 that defines a longitudinal passage 106b and a 
plurality of radial bypass ports 106c at anotlier end 106d is thmdably coupled to the recessed portion 
104doftheextemal flange 104cof theend 104e of the tubular adaptor 104. An end 108a of a tubular 

hydraulic slip body 108 thai defmes a longmiamai passage ,y,ou, a. r~ --r— 

passages 108c. and a plurality of radial slip mounting passages 108d includes a recessed portion 108e 
that is thr^adably coupled to the 106d of the tubular outer sleeve 106 and a phirality of 
circumferentially spaced apart lugs 1 08f that are interleaved with the L-shaped bypass passages. 
Another end 108g ofthe tubular hydiHuIicsUp body 108 includes an internally recessed portion 108h 
that is threadably coupled to an end 1 lOa of atubular packer cup mandrel 1 10 that defines a 
longitudinal passage 1 1 Ob and mcludes a flange 1 1 Oc at another end llOd that defmes a recessed 
portion 1 lOe and a plurality of radial passages 1 lOf, and one or more lugs llOg. 
[0023] As illustrated in Fig. 2d, a phirality of radially movable hydraulic slips 112 are movably 
coupled to and positioned within corresponding radial slip mounting passages 108d of tfie tubular 
hydraulic slip body 108 that each include slip base members 112a, spring members I12b. and slip 
«gagingelementsll2c. In an exemplary embodiment, the hydraulic slips 112 are round hydraulic 
slips that are hydraulically actuated when the internal pressure within the hydraulic slip body 108 
pushes the hydraulic slips radially outwardly until the hydraulic slips are forced into engagement the 
internal diameters ofthe first and/or second wellbore casings. Hand 16. thereby holding the hydraulic 
slips and all of the components rigidly attached to the hydraulic slips in place against external loads 
and pressure. In an exemplary embodiment, when the internal pressure within the hydraulic slip body 
108 is reduced, the spring members 1 12b pull the slip engaging elements 1 12c away from the inside 
diameters ofthe first and/or second wellbore casings, Hand 16. In an exemplary embodiment, the 
lugs 108f of the tubular hydraulic slip body 108 may engage the lugs 1 12f on the shoe 114 to allow 
transmission of torque when apparatus 100 is in extended position. In an exemplary embodiment, the 
tubular hydraulic slip body 108 also includes internal sealing members 108i that provide a fluidic seal 
between the tubular hydraulic slip body 108 and die inner mandrel 116. 

[0024] Atubular shoe 114 that defmes a longitudinal passage 114a and a recessed portion 114b atone 
end 1 14c is received within and mates with the longitudinal passage 106b of the tubular outer sleeve 
1 06 that includes an internally tapered end face 1 14d at another end 1 14e and a plurality of 
circumferentially spaced apart lugs 114f attheone end. In an exemplary embodiment, the shoe 114 
further includes one or more sealing member IHgfor fluidicly sealingthe interfece between the shoe 
andthctubularoutersleeveioe. An end 116a of an nmer tubular mandrel U6 that defmes a 
longitudinal passage 11 6b and a pluraUty of radial bypass ports 1 1 6c is threadably coupled 
recessed portion I14b attheoneend 114cofthetubular shoe 114 and mates with the longitudinal 
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passage 1 08b ofthe tubular hydraulic slip body 108. Another end 116d of the inner tubular mandrel 
11 6 is threadably coupled to a recessed portion 11 8a of an end 1 1 8b of an expansion cone mandrel 1 1 8 
that defines a longitudinal passage 1 18c having a throat passage 1 1 8d, an L-shaped bypass port 1 1 8e, 
and a radial pressure port 1 18f. and includes an external flange 1 18g, another recessed portion 1 18h, 
and lugs 11 8j. 

[0025] A tubular expansion cone 120 that defines a longitudinal passage 120a mates with and is 
coupled to another end 11 81 ofthe expansion cone mandrel 118 proximate the external flange 118g 
that includes an outer expansion surface 120b for radially expanding and plastically deforming the first 
and second wellbore casings. 14 and 16. In an exemplaiy embodiment, the maximum outside diameter 
ofthe outer expansion surface 120b ofthe tubular expansion cone 120 is substantially equal to the 
inside diameter ofthe first wellbore casing 14. A recessed portion I22a of an end 122b of a tubular 
guide nose 122 that defmes a longitudinal passage 122c is threadably coupled to the end 118i ofthe 
expansion cone mandrel 1 18 that includes a tapered end face 122d at another end 122e. In an 
exemplary embodiment, the tubular guide nose 122 helps to guide the apparatus 100 into the first 
and/or second wellbore casings. 14 and 16. 

[0026] An end 124a of a tubular bypass tube 124 that defmes a longitudinal passage I24b is received 
within and coupled to the recessed portion 1 18h ofthe expansion cone mandrel 1 18 and another end 
124c ofthe tubular bypass tube is received within and coupled to a recess 1 1 4g in the end 1 1 4c ofthe 
tubular shoe 1 14. A tubular spacer 126, a first packer cup 128. a second spacer 130. a third spacer 
132. and a second packer cup 134 are sequentially mounted on the tubular packer cup mandrel 1 1 0 
between the end 108g of the tubular hydraulic slip body 108 and the end I lOd ofthe tubular packer 
cup mandrel 1 10. In an exemplary embodiment, the first and second packer cups, 128 and 134, 
resiliently engage and fluidicly seal the interface with the interior surface ofthe first wellbore casing 
14. In an exemplary embodiment, the packercups. 128 and 134, provide a fluidic seal between the 
apparatus 100 and the fu^ and/or second wellbore casings, 14 and 16. In this manner, an amiular 
chamber above the expansion cone 120 within the first and/or second wellbore casings. Hand 16. may 
be pressurized for reasons to bedescribed. In an exemplaiy embodiment, the lugsllOg on the end 

1 lOd ofthe packer cup mandrel 1 10 may engage the tags 1 18j on the end face ofthe flange 118g of die 
expansion cone mandrel 118 to allow the transmission of torque loads when the apparatus is in a 

collapsed position. 

[0027] During the placement ofthe apparatus 100 within the borehole 10 proximate the overlapping 
portions 1 8 ofthe first and second wellbore casings. 14 and 16. fluidic materials 200 within the 
borehole are conveyed through the longitudinal passages 122c 118c. 124b. 104b. and 102a ofthe 
apparatus 1 00. In this mam«r. surge pressures whhin the borehole 10 are minimized during the 
inseiticm and placement ofthe apparahis 1 00 within the bordiole. 

[0028] As iUusbtited in Figs. 2b and 2c in an exemplary embodiment, the apparatus 100 is positioned 
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proximate the overlapping portions 18 of the first and second wellbore casings. 14 and 16. with the 
leading edge of the outer expansion surface 120b of the tubular expansion cone 120 posirioned within 
the interior of the upper end of the second wellbore casing 16 and with the guide nose 122 mating with 
and extending into the interior of the upper end of the second wellbore casing. In this manner, the 
apparatus 1 00 is located and supported at least in part by the upper end of the second wellbore casing 

16. Furthermor*. in this manner, the apparatus 100 is centraiiy posm«.«« «.ui.» ««, . 

wellbore casings, 14 and 16. 

[0029] In an exemplary embodiment, as illustrated in Figs. 3a-3c a ball 202 is then positioned within 
the throat passage 1 18d of the longitudinal passage llSc of the expansion cone mandrel 1 18 by 
injecting a fluidic material 204 into the apparatus 100 through the longitudinal passages 102a. 104b, 
106b, 114a, 124b, and ll8c. Hie injected fluidic material 204 is also conveyed through the radial 
pressure ports 1 1 8f of the expansion cone mandrel 1 1 8 mto an amiular chamber 206 above the external 
flange 1 1 8g of the expansion cone mandrel and then into the longitudinal passages 1 1 Ob and 1 08b of 
the packer cup mandrel 1 10 and hydraulic sUp body 108, respectively, and into the radial slip mounting 
passages 108d of the hydraulic slip body. Continued injection of the fluidic material 204 into the 
appamtus 100 tfrrough the longitudinal passages 102a, 104b. 106b. 114a. 124b. and 1 18c pressurizes 
flie annular chamber 206 and the radial slip mountmgpassages 108d thereby displacing the expansion 
cone mandrel 1 1 8. the expansion cone 120, and the guide nose 122 downwardly in the longitudinal 
direction and displacmg the hydraulic slips 1 12 outwardly in the radial direction. 
[0030] In particular, the outward radial displacement of the hydraulic slips 1 12 causes the hydraulic 
slips to engage in the interior surface of the first wellbore casing 14 thereby fixing the position of the 
tubular support member 102. the tubular adaptor 104, the hydraulic slip body 108. the packer cup 
mandrol 1 10, the spacer 126, the packer cup 128, the spacer 130, the spacer 132, and the packer cup 
134 relative to the firstwellbore casing. As a result, the shoe 114, the inner mandrel 116. the 
expansion cone mandrel 1 18. the expansion cone 120, the guide nose 122, and the bypass tube 124 ar« 
then displaced downwardly relative to the tubular support member 1 02. the tubular adaptor 104, the 
hydraulic slip body 108. the packer cup mandrel 1 10, the spacer 126, the packer cup 128, the spacer 
130 the spacer 132, and the packer cup 134 by the pressurization of the annular chamber 206. 
[003 1] The downward longitudmal displacement of the expansion cone 120 radially expands and 
plastically deforms the overlapping portions 18 of the first and second wellbore casings. 14 and 16. As 
aresultofthe radial expansion and plastic deformation, the inside diameter of the portion o^^^ 
wellbore casingl6that overlaps with the first wellbore casmgMis then substantially equalto 

inside diameter of the portion of the fii^ wellbore casmg that does not overlap with the second 

wellbore casing. . ,,ib a.. 

[0032] During the downward longitudinal displacement of the expansion cone mandrel 1 18. the 
expansion cone 120. and dreguideno«.122,fluidicma.erials208withi„d.e second we^ 
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16 that are displaced by the downward longitudinal displacement of the expansion cone mandrel, the 
expansion cone, and the guide nose are conveyed through the bypass port 1 1 8e of the expansion cone 
mandrel, the annularbypasspassagellOdefmed between the imiermandrellieand the bypass 

124. the bypass ports 1 16c of the inner mandrel, the bypass ports 108c of the hydraulic slip body 108, 

and the bypass ports 106c of the outer sleeve 106 out of the apparatus 100. 

. .. ... .1 . ^f4h^annn}ar chamher 206. its XtsdsBl 

[0033] In an exemplary emboamien^aunnguicpicMu—""""- - - 

cups 128 and 134 provide a fluidic seal between the apparatus 100 and the first and second wellbore 
casings. 14 and 16. Furthemiore, during the pressurization of the amiular chamber 206. the interface 
betweel the tubular expansion cone 1 20 and the first and/or second wellbore casings, 14 and 1 6. is not 
fluid tight In this manner, lubricants that may be p«>vided in the injected fluidic materials 204 may be 
conveyed to the leading edge of the interfece between the expansion surfece 120b and the first and/or 
second wellbore casmg, 14and 16. in order to minimis Actional forces and thereby enhance the 
operation efficiency of the {^eration. 

[0034] In an exemplary embodiment, as illustrated in Fig. 3a, the shoe 1 i 4. the inner mandrel ! ! 6. fee 
expansion cone mandrel 11 8. the expansion cone 120. the guide nose 122, and the bypass mbe 124are 
then displaced downwardly relative to the tubular support member 102, the tubular adaptorl04, the 

hydraulic slip body 108. the packercup mandrel 1 10, the spacer 126. the packer cup 128, tl« spacer 
130 the spacer 132. and the packer cup 134 by the pressurization of the annular chamber 206 until the 
lugs 1 14f of the shoe impact the hydraulic slip body 108. At this point, in an exemplary embodunent. 
the opemting pressure within the am.ular chamber 206 will increase suddenly thereby indicafng that 
the expansion cone 120 has reached the end of the expansion stroke. 

[00351 to an exemplary embodiment, as illustrated in Figs. 4a-4c, once the expansion cone 120 has 
reachedthe end of the expansion stroke, the operutiag pressures of the annular chamber 206 and the 
radial slip mounting passages 108d are reduced by stopping the injection of the fluidicmatenal 204 
into the apparatus 100 and/or by activating one or more pressure relief valves 210 at asurfece k,catron 
to relieve the operating pressures in the annular chamber and radial slip mounting passages to 
atmospheric. As a result of the pressure relief of the operating pressures of the amvular chamber 206 
and the radial slip mounting passages 108d, the hydraulic slips 1 12 may be displaced inwardly m the 
radial direction thereby disengaging the hydraulic slip body 108 fiom the first v^ellbore casmg 14. 
Furthem^ore. as a resuh of the pressure reUef of the operating pressures of the amiular chamber 206 
and the nniial slip mountingpassageslOSd, the supportmemberl02. the adapter 104.theo«tersl^^ 

106 the hydraulic slip body 108, the packer cup mandrelllO. the hydraulic slipsll2,thespacer 126, 
thefirstpacker cup 128. the spacer 130.thespacerl32,and the second packer cupmmayth^^^^ 

displaced downwardly in the longitudinal direction relative to the shoe 114. the inner mandrel 116^ 
expansionconemandreni8. theexpansioncone 120, the guide n«« 122. andthebypasst^^ 

u„tiltheinternallytaperedendfacell4doffteshoell4impactstheoftheexte™^^ 

10 



WO«3/ia4601 PCT/US03/13787 
104fofthe adapter 104. In this manner, the apparatus 100 is placed in a collapsed position. 
[0036] In an exemplar' embodiment, as illustrated in Figs. Sa-Sc, the fluidic material 204 .s once 
again injected into the apparatus 100 through the longitudinal pas^ges 102a, 104b, 106b. 1 14a. 124b 
and 118c The injected fluidic material 204 is also conveyed through the radial pressure ports llSfof 
the expansion cone mandrel 118 into an annular chamber 206 above theextenial flange 
expansionconemandreiandthenintolhelongitudinalpassages 110b«.d 1 08b ofthe packer cup 
mandrel 1 1 0 and hydrauUc slip body 108. respeoHvely, and into the radial slip mounting passages 108d 
of the hydraulic slip body. Continued injection ofthe fluidic material 204 into the appamtus 100 
through the longitudinal passagesl02a.104b.106b.114a. 124b. andllSc pressurizes the 

chamber 206 and the radial slip mounting passages 108d therd>y displacing the expansK,n cone 
„,andren 1 8. the expansion cone 120. and the guide nose 122 do>vn..ardly ir. the longitudm^^ 

and displacing the hydraulic slips 1 12 outwardly in the radial direction. 

[0037] m particular, the outward radial displacement of the hyd«ulic slips 1 12 causes the hydrauhc 

slips to engage in the interior surface ofthe first wellborecasmg i-.meiou, .^...^ .... 

tubular support member 102. the tubular adaptor 104. the hydraulic slip body 108. the packer cup 
n-andrel 110. the spacer 126. the packer cup 128. the spacer 130.thespacer 132. and the packer cup 
134 relative to the first wellbore casing. Asaresuh. the shoelU. the inner mandrel 116. the 

expansion conemandrelUS. the expansion cone 120, the guide nosel22, and the byp^ 

then displaced downwardly relative to the tubular support memberl02. the tubular adaptor 104.the 

hydraulic slip body 108. Ae packer cup mandrelllO, the spacer 126, the packer cup 128, the spacer 

130 the spacer 132. and the packer cup 134 by the pressurization ofthe annular chamber 206. 
[0038] The downward longitudinal displacement ofthe expansion cone 120 mdially expands and 
plastically deforms the r«naining portion of the overlapping portions i 8 of tl,e first and second 
wellborecasings.l4andl6.andanon-overlappingportionofthesecondwellbo,ecasingl6. Asa 

^,t ofthe radial expansion and plastic deformation, the inside diameter of die portk,n ofthe second 
wellborecasi„gl6that overlaps with the first wellborecasingMis then substantially e^^^ 
insidediameteroftheportionofthefirstwellborecasingthatdoesnotoverlapwiththesecond 

wellbore casing. Furthermo^ as a resuh ofthe radial expansion and plastic deformadon, the ms.de 
diameter of at leastaportion of the second wellborecasingl6thatdoesnotovertap with the^ 

wellbore casingUissubstantidlyec^al to the msidediameter of theportionof the fi^ 
casing that does not overlap with the second wellboie casing. 

100391 Duringthe downward longitudinaldisplacementofthe expansion conemandrd 118. the 

expansionconel20.andtheguidenosel22.fh.idicmaterials208withlnthes«^^^ 

ISthataredisplacedbythedownwardlongitudinaldisplacementofiheexpansioncone^^^^ 

expansioncone.andtheguideooseareconvey«i*«>ngh*ebypassp«rtn8eof*eexp^^^^^^^^ 

Idr...*eannu.arpassag.210definedbetweentheim«rmandrein6andthebypass^ 
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bypass ports 1160 of the inner mandrel, the bypass ports 108c of the hydraulic slip body 108, and the 
bypass ports 106c of the outer sleeve 106 out of the apparatus 100. 

[0040] In an exemplary embodiment, during die pressurization of the araiular chamber 206, the packer 
cups 128 and 1 34 provide a fluidic seal between the apparatus 100 and the first and second wellbore 
casings. Hand 16. Furthermore, during the pressurization ofthe annular chamber 206, the interfece 

between the tubular expansion cone Ul» ana me nrsianu/oi scwuu t.^^^ 

fluid tight, to this manner, lubricants that may be provided in the injected fluidic materials 204 may be 
conveyed to the leading edge ofthe interface between the expansion surfece 120b and the first and/or 
second wellbore casing, 14 and 1 6, m order to minimize fiictional forces and thereby enhance the 
operation efficiency ofthe operation. 

[0041] In an exemplary embodnnent. as illustrated in Fig. 5b. the shoe 1 14, the imver mandrel 116, the 
expansion cone mandrel 11 8. the expansion cone 120. the guide nose 122, and the bypass tube 124are 
then displaced downwardly relative to the tubular support member 102, the tubular adaptor 104, the 
hydraulic slip body 108, the packer cup mandrelllO, the spacer 126, the packer cup 128, the spacer 

130, the spacer 132. and the packer cup 134 by the pressurization ofthe annular chamber 206 until the 
lugs 114f of the shoe impact the hydraulic slip body 108. At this point, in an exemplary embodiment, 
the operating pressure within the amiular chamber 206 will increase suddenly thereby indicating that 
the expansion cone 120 has reached the end of the expansion stroke. 

[0042] As illustrated in Fig. 6, in an exemplary embodiment, the operations of Figs. 3a-3c, 4a^, and 
5a-5c. may then be repeated to thereby radially expand and plastically defonn the remaining portions of 
the sJcond wellbore casing 16 that do not overlap with die first weUbore casing 1 4. As a result, a 
mono diameter wellborn casing is constructed that includes the fiist and second wellbore casings, 1 4 
and 16. The inside diameter ofthe first wellbore casmgID,4 is substantially equal to the inside 
diameter ofthe secMid wellbore casing ID|«. 

[0043] nie illustrative embodiments provide the advantage of expanding the casmg without applying 
pressure to the entire casing string and allowing easy retrieval of the expansion apparatus 100 if 
expansion problems develop. 

[0044] Inseveralaltemativeembodiments, the expansion cone 120 may be an expandable adjustable 
expansion cone. 

[0045] In several alternative embodiments, other sealing methods and apparatus between the 
apparatus 100 and the inside diameters ofthe first and/or second wellbore casings. 14 and 16, may be 
used For example, hydraulically and/or mechanicaUy actuated packer elements and/or mechamcal 
slips with dragblocks and J-slots may be used in place of the hydraulic slips n2tohoki the tubular 

hydraulic slip body 108 in a stationary position during the radial expanskm process. 
[0046] In several alternative embodiments, the apparatus 1 00 can also be used for single stage top- 
down expansion of cased and open hole Uners and as a liner hanger. In an exemplary embodmient. the 
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expansion cone 1 20, the packer cups, 128 and 1 34, and the hydraulic slips 1 12 are run in an expansion 
cone launcher as disclosed in one or more of the following: (1) U.S. patent application serial no. 
09/454,139. attorney docket no. 25791.03.02, filed on 12«/1999, (2) U.S. patent application serial no. 
09/510.9 b! attorney docket no. 25791 .7.02, filed on 2/23/2000. (3) U.S. patent application serial no. 
09/502,350, attorney docket no. 25791 .8.02, filed on 2/10/2000. (4) U.S. patent application serial no. 

. . /%A^ ct.j 11/1C/1000 /^^MT^ natAnt annltcation serial no. 

09/440,338, attorney docKet no. .43 /^i.?."^. i"cu «ii n/i^^x^^-, v-, r rr- 

09/523,460, attorney docket no. 25791.1 1.02. filed on 3/10/2000. (6) U.S. patent application serial no. 
09/5 12.895, attorney docket no. 25791.12.02. filed on 2/24/2000. (7) U.S. patent application serial no. 
09/511,941, attorney docket no. 25791.16.02. filed on 2«4/2000,(8)U.S. patent application serial no. 

09/588,946. attorney docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent application serial no. 
09/559.122. attorney docket no. 25791 .23.02. filed on 4/26/2000. (10) PCX patent application serial 
no. PCT/USOO/1 8635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent 
application serial no. 60/162,671. attorney docket no. 2579127, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154.047. attorney docket no. 2579129. filed on 9/16/1999, 
(13) U.S. provisional patent application serial no. 60/1 59.082, attorney docket no. 2579U4. filed on 
10/12/1999. (14) U.S. provisional patent application serial no. 60/159,039, attorney docket no. 
25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999. (16) U.S. provisional patent application serial no. 
60/212.359. attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. provisional patent application 
serial no. 60/165^28, attomey docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. provisional patent 
application serial no. 60/221,443, attomey docket no. 25791.45, filed on 7/28/2000, (19) U.S. 
provisional patent appUcation serial no. 60/221,645, attomey docket no. 25791.46, filed on 7/28/2000. 
(20)U.S. provisional patent application serial no. 60/233.638. attomey docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, attomey docket no. 
25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial no. 60/270,007, attomey 
docket no. 25791.50, filed on 2/20/2001, (23) U.S. provisional patent application serial no. 
60/262.434, attomey docket no. 25791.51, filed on 1/17/2001. (24) U.S. provisional patent application 
serial no. 60/259.486. attomey docket no. 25791 .52. filed on 1/3/2001. (25) U.S. provisional patent 
application serial no. 60/303.740, attomey docket no. 25791.61. filed on 7/6/2001. (26) U.S. 
provisional patent application serial no. 60/313.453. attomey docket no. 25791.59. filed on 8^0/2001. 
(27) U.S. provisional patent application serial no. 60«17,985. attomey docket no. 25791.67. filed on 
9/6/2001, (28) U.S. provisional patent appUcation serial no. 60/3318,386. attorney docket no. 
25791 .67.02, filed on 9/lOQOOl. (29) U.S. utility patent appHcation serial no. 09/969.922, attomey 
docket no. 25791 .69. filed on 10/3/2001. (30) U.S. utility patent application serial no. 10/016,467, 
attomey docket no. 25791.70, filed on 12/10/2001; (31) U.S. provisional patent application serial no. 
60/343.674. attomey docket no. 25791.68, filed on 12/27/2001; (32)U.S. provisional patent 
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appUcation serial no. 60/346,309, attorney (locket no 25791.92, filed on 1/7/2002; (33) U.S. 
provisional patent application serial no. 60/372,048, attorney docket no. 25791 .93, filed on 4/12«002; 
(34) U.S. provisional patent application serial no. 60/372,632, attorney docket no. 25791 .101, filed on 
4/15/2002; and (35) U.S. provisional patent application serial no. 60^80,147, attorney docket no. 
25791 .1 04, filed on 5/6/2002, fee disclosures of which are incorpoiated herein by reference. 

[0047] The first stroke of the expansion cone izu expanos me e^ptuiuouic «»u.e 

well casing with enough force to hold the weight of the expandable casing string or liner. Pressure is 
then released and the expansion assy is moved down to the collapsed position and the expansion 
process repeated. 

[0048] A method of forming a mono diameter wellbore casing wifliin a boidiole that traverses a 
subterranean formation has been described that includes positioning a first wellbore casing within the 
borehole, radially expanding and plastically deforming the first wellbore casing within the borehole, 
positioning a second weUbore casing withm the borehole in ovcriapping relation to the first wellbore 
. casing, radially expanding and plastically deforming the second wellbore casing within the borehole, 
radially expanding and plastically defoiming the ovcriapping portions of the first and second wellbore 
casings, and radially expanding and plastically deforming at least a portion of the second wellbore 
casing that does not overlap with the first wellbore casing. The inside diameter of the portion of the 
first wellbore casing that does not overlap wifli the second wellbore casing is substantially equal to the 
inside diameter of the radially expanded and plastically deformed portions of the second v^rellbore 
casing. In an exemplary embodiment, the radially expanding and plastically deforming the overlapping 
portions of the firet and second wellbore casings includes positioning a telescoping radial expansion 
device comprising an outer sleeve and an inner sleeve positioned within and movably coupled to the 
outer sleeve comprising a tubular expansion cone proximate the end of the second wellbore casing, and 
injecting a fluidic material into the telescoping radial expansion device to cause the outer sleeve to 
engage the first wellbore casing and cause the inner sleeve to extend out of the outer sleeve into ttie 
ovcriapping portions of the first and second wellbore casings to cause the ttibular expansion cone to 
radially expand and plastically deform the overlapping portions of the first and second wellbore 
casings. In an exemplary embodiment, the method fiirther includes conveying fluidic materials within 
the borehole that are displaced by die extension of the imier sleeve to a location within the borehole 
above the tubular expansion cone. In an exemplary embodiment. radiaUy expanding and plastically 
deforming at least a portion of the second wellbore casing that does not overlap with the first wellbore 
casing includes reducing the operating pressure within the telescoping radial expansion device, moving 
the outer sleeve onto Ae mner sleeve of the telescoping radial expansion device, and injecti^^ 

material into the telescoping radial expansion device to cause the outer sleeve to eogagp at least one of 
the first and second wellbore casings and cause the inner sleeve to extend out of the outer sleeve mto 
the second wellbore casing tocause the tubular expansion cone to radially expand and pl^^^ 
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defonn at least a portion of the second wellbore casing. In an exemplary embodiment, the method 
further includes conveying fluidic materials within the borehole that are displaced by the extension of 
the inner sleeve to a location within the borehole above the tubular expansion cone. 
[0049] An apparatus for forming a mono diameter weUbore casing has been described that includes 
means for positioning a first weUbore casing within the borehole, means for radially expanding and 
plastically defonning the first wellbore casing within the borehole, means for positioning a second 
wellbore casing wHhin the borehole in overlapping relation to the first weUbore casing, means for 
radially expanding and plastically deforaiing the second wellbore casing within the borehole, means for 
radially expanding and plastically deforming die overiapping portions of the first and second wellbore 
casings, and means for radially expanding and plastically deforming at least a portion of the second 
wellborecasingthatdoesnotoverlapwithlhefirstweUborecasing. The inside diameter of the portion 
of the first wellbore casing that does not overlap with the second wellbore casing is substantiaUy equal 
to the inside diameter of the radially expanded and plastically deformed portions of Ae second 
wellbore casing. In an exemplary embodiment, die means for radially expanding and plastically 
deforming the overlapping portions of the first and second weUbore casings includes means for 
positioning a telescoping radial expansion device comprising an outer sleeve and an inner sleeve 
positioned witiiin and movably coupled to die outer sleeve comprising a tubular expansion cone 
proximate the end of the second weUbore casing, and means for mjecting a fluidic material into the 
telescoping radial expansion device to cause the outer sleeve to engage the fu:st wellbore casing and 
cause die inner sleeve to extend out of tiie outer sleeve into the overlapping portions of the first and 
second wellbore casings to cause the tubular expansion cone to radially expand and plastically deform 
the overlapping portions of the first and second wellbore casings. In an exemplary embodiment, the 
metiiod fiirther includes conveying fluidic materials witiiin the borehole that are displaced by the 
extension of tiie imier sleeve to a location witiiin tiie borehole above tfie tubular expansion cone. In an 
exemplary embodiment, the means for radially expanding and plastically defomimg at least a portion 
of tiie second wellbore casing tiiat does not overlap witii tfie first wellbore casing includes means for 
reducing the operating pressure within the telescoping radial expansion device, means formoving tiie 
outer sleeve onto the inner sleeve of the telescoping radial expansion device, and means for injecting a 
fluidic material into tite telescoping mdial expansion device to cause tiie outer sleeve to engage at least 
one of flie first and second wellbore casings and cause flie inner sleeve to extend out of tiie outer sleeve 
into tiie second wellbore casing to cause tiie tubular expansion cone to radially expand and plasti^^^ 

deform at least a portion of die second wellbore casing. In an exemplary embodiment, tiie mefliod 
fiirther includes conveying fluidic materials witiiin tiie borehole tiuit are displaced by die extension of 
the inner sleeve to a location witiiin the borehole above tiie tubular expansion cone. 
[0050] Anapparatusforradiallyexpandingandplasticallydefomiingatotbularmemberhasbeen 

described tiiat includes a tubular adapter defming a longitudinal passage, a tubular outer sleeve coupled 
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to the tubular adapter defining a longitudinal passage, a tubular hydraulic sUp body coupled to the 
tubular outer sleeve defining a plurality of L-shaped bypass ports and a plurality of radial hydraulic slip 
mounting passages, a plurality of hydraulic slips movably coupled and positioned within conesponding 
radial hydraulic slip mounting passages for engaging the tubular member, a tubular packer cup mandrel 
coupled to the tubular hydraulic slip body defining a longitudinal passage, a plurality of packer cups 
coupled to the tubular packer cup mandrel for seaiingiy engaging fee tubular member, a tubular shoe 
positioned within and movably coupled to the tubular outer sleeve defming a longitudinal passage, a 
tubular inner mandrel positioned within and movably coupled to the tubular hydraulic slip body 
coupled to the tubular shoe defining a longitudinal passage and a plurality of radial bypass ports, a 
tubular expansion cone mandrel coupled to the tubular inner mandrel definmg a longitudinal passage 
having a throat passage for receiving a ball, an I^haped bypass port, and a radial pressure pott, a 
tubular expansion cone coupled to the tubular expansion cone including a tapered outer expansion 
surface for radiaUy expanding and plastically deforming the tubular member, a tubular guide nose 
coupled to the tubular expansion cone mandrel defming a longitudinal passage, a bypass tube 
positioned within the tubular inner mandrel coupled to the expansion cone mandrel and the tubular 
shoe defining a longitudinal passage, and an annular longitudinal bypass passage defmed between the 
tabular imier mandrel and the bypass tube. In an exemplary embodiment, the longitudinal passages of 
the tubular adapter, bypass tube, and tubular expansion cone mandrel are fluidicly coupled. In an 
exemplaiy embodnnent, the longitudinal passage of the tubular expansion cone mandrel is fluidicly 
coupled to the radial pressure port of the tabular expansion cone mandrel. In an exemplary 
embodiment, the Leaped bypass port of the tubular expansion cone mandrel is fluidicly coupled to 
the annular longitudinal bypass passage, the radial bypass passages of the tubular imier mandrel, the L- 
shaped bypass ports of the tubular hydraulic slip body, and the radial bypass ports of the tubular outer 
sleeve. 

[0051] An apparatus for radially expanding and plastically deforming a tubular member has been 
described that includes a tubular support member defining a longitudinal passage, a tubular outer 
sleeve coupled to the tubular support member defining a longitudinal passage and a plurality of radial 
bypass ports, an hydraulic slip coupled to the tubular outer sleeve for controllably engaging the tubular 
member, one or more packer cups coupled to the tubular outer sleeve for seaiingiy engaging the tubular 
member, a tubular iraier sleeve positioned within and movably coupled to the tubular outer sleeve 
defming a longitudinal passage, an annular longitudinal bypass passage, and one or more radial bypass 
passages, and a tubular expansion cone coupled to the tubular imier sleeve defming a longitudinal 
passage having a throat passage for receiving a ball, an L-shaped bypass port, and a radial pressure port 
inchjding an tapered outer expansion surface for radially expanding and plastically deforming the 
tubular member. In an exemplary embodiment, the longitudinal passages of the tubular outer sleeve 
and d.e tubular expansion cone are fluidicly coupled. In an exemplary embodiment, the longitudmal 
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passage of the tabular expansion cone is fluididy coupled to the radial port of the tubular 

expansion cone. In an exemplary e^bodhnent, .he L-shaped bypass port of tbe tubular expansion cone 
is fluididy coupled to the annular longitudinal bypass passageand the radial bypass passages of t^^ 

tubular inner sleeve, and thel^shapedbypassports and the radialbypass ports of the tubu^ 

sleeve • 

J ^i.-^:^iK, ^*.f>.rm?na fl wellbore casine positioned within 

[0052] A method of radially expanaing aiiu iii«uv«i*j -o 

„bu,«.ceve»d»™er«b»U.sl«v.««,«l»»g»»P»SK»e^ 
*.i».,,„b.l»sl^v=iBm»»bb,co«pWto«Kla.l«s.p«6.%h»»lwi^ 

s,.„e,i„i=c,ing.W,cm«i..i«o*»i«-»«'»'»»'^'"'^'»^^^^ 
fte».,,b<«e.sing,o«di-I,«p..d«,dplas«»«,drfb™.po«ionome™«^ 

exp^slon o™.. In » ™*««™«. i""*' ™" 
n*»toHe««mctate injecting teftoidfc »to», ~ 

to » »»„pl-y »nb»Hm=»t *. n«*od i.o.»te c».v.,ing fluidic n,a.enaU *e 
k,^tedisptodl^««««-»o«.fO»in»«^l-''-'»''~'*"'"™^ 
«c«.»c.«f«»im«»b.tosl«»abo»«»«P»*nconeinc,«l«,c»v.yingM^^^ 

™ion.»n„«n,di.lp«s«»»d«l<«»«'>"'*<'"«'"'^»"'=»"'- 

e^en.«»meftod.U,*» includes dep™a,e^«,»d».«,»bular=,eeve.de^up,..g 
0„o.«r«*.U,sl..ve»dd»™«b«eo«i„g,andeol.apsingd,e»«r<„l».«sle™»«.*^^^^ 

.n»««np^™'«.ii-»..''-«-^«'*"'»^"^-'"^'^''"°."^ 
i^*.i..«»,don,.»b«l»sU.v«.c«pling,heou»r„««s,=e™»a«>«..b.«««.*and 

«,e^i.g«,.,nner»bu,»s,»veo«of4.ou»,.ub».„si»v.in»««<»in»«»-«i»^^^ 

Je«Mg,«dic™».eH..i«»d..i»-»»™-«*"-'^'-'»*'"'":''^":t 
:I:.«H.i„c,„d.™n*»3««swi*,.^.x^i.^'..'^^ 

3b<,v.Jexpan.ionco»=incl»d«c»™^«dica>a^ 

!::!:r>n»r....s.-™*^»-nn.-.«s*--''-»-'--'°-» 

ftii-Fi' wivien described that mcludes means for 

wiAin a borehole that traverses a subterranean formation has been descnb 



17 



PCTAJS03/13787 

WO 03/104601 

positioning an outer tubular sleeve and an inner tubular sleeve comprising ^ 

the boiehole. wherein the inner n.buU. sleeve is movably coupled to and atleastpar^^^ 

within the outertubularsleeve.means for injectingafluidiomaterialintothein^^ 

sleeve., means for coupling theoutertubularsleevetothe^eUbore casing, and meansfi.^^^^^^^ 

theinnertubularsleeveoutcftheoutertubularsleeveintothewellborecasingtoradiallyex^^ 

^.x. /.ocmcT M<imp the exoansion cone. In an exemplary 

plastically detorm a ponion oi mc wv..t/x.. o - , , i 



I cone. 



col 
ai 



. < *: — ^.u^,,i» tVi<» pvnansion cone. In an 

ammto passage and oos™ more ra(li«lI»s»S<»'° ' 

„b.Is.«»..na»»fc.a=»^li^«»«««»^»^*-«»"''^'-"^"'^"t:'^ 

,^«.«h.rincl»d»»«-.s6.rmie««„g.i.u«»a,«eH.I»«,*.™.ra„^ 

*.™s,m«ns6»c»plins»..=.«».b»l"=l-«»<'«-"'»"«'™^ 
i,„„»b.la,s!e».»«of«.».er»b»,arsle.vei*a««.«b--»6«»™'""y»P^ 

Li««ng.«»idlc»«an.li«*=i™«r«^o„,„,«b.lar Sleeves ■nc,.d»™»ns.i.»^8*^ 
«i.LeHa.in.«,.n„u,„e.„b„ab.»*=.xp.nsio„»»e.Ma„»«mpU^e^ 
l^s^^,inc,udes.ea»sfc.conve,™Bu*.3,eHa.s««.d»borehole^ 

.tension of*e»>»e,»,butosfe.v.»aloc«k,n.bove*ee^i»eo»=. ■"""-'^ 
l».d>n^«»n«-t«oo„ve,ln.«ic^-in*eb«eho^disp.««>b,^^ 

:LJ«Wa,s^.a^ve*ee^»^c».i.e.ud..»««»^co^'«»"^ 
,^i.«,ebo^,edisp,aeedby*ee«««i»ot««i»»«b.l.rs.e.»«»«^-.™"«"^ 

a„dc»eorm»eKdi.lpassag»»««l««a»'*»«'^«P^'=°°°- 
0tU» varices »K«..a*.»«bodin«.«-^becom«^ 

illustrative embodiments. ^ j^cmW a wide 

roo551 Ahhough Ulustrative embodiments of the invention have been sho^ and described, w.de 
[00:>:>J Annougu uiudu , ^ . Wanina disclosure. In some 

n„,g, of modification, changps and substitution is cortemplated «. the fi^^ 
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instances, some features of the present invention may be employed without a corresponding use of the 
other features. Accordingly, it is appropriate that the appended claims be construed broadly and in a 
manner consistent with the scope of the invention. 
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Claims 

What is claimed is: 

1 . A method of forming a mono diameter wellbore casing within a borehole that traverses a 
subterranean formation, comprising: 

positioning a first wellbore casing within the borehole; 

'radially expanding and plastically defomiing the first wellbore casing within the boreho.e; 
positioning a second wellbore casing within the borehole in overlapping relation to the 
wellbore casing; 

.diallyexpandingand plastically deformingthe second wellbor^casingwithin the borehol^ 
radially expandingand plastically deforming the overlappingportionsofthefn^^^ 

wellbore casings; and 

radially expanding and plasHcally deforming at leastaportion of the second wellbore casing 

tk^t ^oP.« not overlao with the first wellbore casing; 
whereinAeinsidediarheteroftheportionofthefirstwellborecasingAatdoesnotoverlap 

with the second wellbore casing is substantially equal to the inside diameter of the 
radially expanded and plastically deformed portions of the second wellbo« casing. 
2. The method of claim 1, wherein radially expandingand plastically deforming the overiappmg 

portions of the first and second wellbore casings comprises: 

positioningatelescopingradialexpansiondevicccomprisinganoutersleeveandanmner 

sleeve positioned within and movably coupled to the outer sleeve comprising a tubular 
expansion cone proximate the end of the second wellbore casing and 
injecting a fluidic material into the telescoping radial expansion deviceto cause the outer 

sleeve to engage the fi«t wellbore casing and cause the inner sleeve to extend out of 

the outer sleeve into the overlapping portions of the first and second wellbore casmgs 
to cause the tubular expansion cone to radially expand and plastically deform the 
overlapping portions of the first and second weUbore casings- 

3 The mrthod of claim 2, fiwlher comprising: 
conveyingfluidicmaterialsxvhhintheboreholethataredisplacedbytheextensionofthemner 

sleeve to a location wfthin the borehole above the tubular expansion cone. 

4 TT^emethodofclaim^wbereinradiallyexpandingandplasticallydeformingatlea^aporUon 

of the second wellbo^casingthatdoes not overlap with the first wellbore casingcompnses: 

reducingtheoperatingpressurewithinthetelescopingradialexpansiondevice; 
movingihe outer sleeve onto the imier sleeve oftbetelescopingradial expansion device and 
injectingafluidic material into thetelescoping radial expansion device to cause the outo 
sleeveto engage at least oneofthe fust and second wellborecasings and cause the 
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inner sleeve to extend out of the outer sleeve into the second wellbore casing to cause 
the tubular expansion cone to radially expand and plastically deform at least a portion 
of the second wellbore casing. 

5. The meflbod of claim 4, furdier comprising: 

conveying fluidic materials within die borehole that are displaced by the extension of the inner 

6. An apparatus for forming a mono diameter wellbore casing, comprising: 
means for positioning a first wellbore casing within the borehole; 

means for radially expanding and plastically deforming the first wellbore casing within the 
borehole; 

means for positioning a second wellbore casing within the borehole in overlapping relation to 

the first wellbore casing; 
means for radially expanding and plastically deforming the second wellbore casing within the 

borehole; 

means for radially expanding and plastically deforming the overtyping portions of the first 

and second wellbore casings; and 
means for radially expanding and plastically deforming at least a portion of the second 

wellbore casing that does not overlap with the first wellbore casing; 
wherein the inside diameter of the portion of the first wellbore casing that does not overlap 

with the second wellbore casing is substantially equal to the inside diameter of the 

radially expanded and plastically deformed portions of the second wellbore casing. 

7. The apparatus of claim 6, wherein means for radially expanding and plastically deforming the 
overlapping portions of Ihe first and second wellbore casings comprises: 

means for positioning a telescoping radial expansion device comprising an outer sleeve and an 
inner sleeve positioned within and movably coupled to the outer sleeve comprising a 
tubular expansion cone proximate tiie end of tiie second wellbore casing; and 

means for injecting a fluidic material into the telescoping radial expansion device to cause the 
outer sleeve to engage the first wellbore casing and cause the inner sleeve to extend 
out of the outer sleeve into die overlapping portions of the first and second wellbore 
casings to cause the tubular expansion cone to radially expand and plastically deform 
the overlapping portions of the first and second wellbore casings. 

8. The method of claim 7, fiirdiw comprising: 

conveying fluidic materials within the borehole that are displaced by the extension of the mner 
sleeve to a locaticm within the borehole above the tubular expansion cone. 

9. The apparatus of claun 7, wherein means for radially expanding and plasticaUy deforming at 
least a portion of the second wellbore casing that does not overlap with the first wellbore casing 
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comprises: 

means for reducing the operating pressure within the telescoping radial expansion device; 
means for moving the outer sleeve onto the inner sleeve of the telescoping radial expansion 

device; and 

means for injecting a fluidic material into the telescoping radial expansion device to cause the 

.< . .f ^L. j: » ...-^ f«>n/>n/l timlllvtrp. RnsinPR and cause 

outer sleeve to engage ax leasi one oi uic luai =- 

the inner sleeve to extend out of the outer sleeve into the second wellbore casing to 
cause the tubular expansion cone to radially expand and plastically deform at least a 
portion of the second wellbore casing. 

10. The method of claim 9, further cranprising: 
oonveyingfhiidicmateriakvyithintheboreholethataiBdisplacedbytheextensionoftheinn 

sleeve to a location within the borehole above the tubular expansion cone. 

11. Anapparatusforradiallyexpandingandplasticallydeformingatubularmember.compria 

a tubular adapter defining a longitudinal passage; 

a tubular outer sleeve coupled to the tubular adapter defining a longitudinal passage; 
a tubular hydraulic slip body coupled to the tabular outer sleeve defining a plurality of I. 

shaped bypass ports and a plurality of radial hydraulic slip mounting passages; 
a plurality of hydraulic slips movably coupled and positioned within conesponding radial 

hydrauUc slip mounting passages for engaging the tubular member, 
atubular packer cup mandrel coupled to the tubular hydraulic slip body definingalongitudind 

passage; 

a plurality of packer cups coupled to the tubular packer cup mandrel for sealingly engaging the 
tubular member; 

a tubular shoe positioned within and movably coupled to the tubular outer sleeve defining a 

longitudinal passage; 

a tubular inner mandrel positioned within and movably coupled to the tubular hydraulic slip 
body coupled to the tubular shoe defining a longitudinal passage and a plurality of 
radial bypass ports; 

a tubular expansion cone mandrel coupled to the tubular inner mandrel defining a longitudinal 
passage having a throat passage for receiving a ball, an L-shaped bypass port, and a 
radial pressure port; 

a tubular expansion cone coupled to the tubular expansion cone includmg a tapered outer 
expansion surfeoe for radially expanding and plastically defonning the tubular 
member, 

a tubular guide nose coupled to the tubular expansion cone mandrel defining a longitudHial 
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a bypass tube positioned within the tubular inner mandrel coupled to the expansion cone 
mandrel and the tubular shoe defining a longitudinal passage; and 

an annular longitudinal bypass passage defined between die tubular inner mandrel and the 
bypass tube. 

12. The apparatus of claim 1 1, wherein the longitudinal passages of the tubular adapter, bypass 
tuDe, ana luouiar cApauaivn wnw? itiaiiuiw «u\^ xm%*a^''^^j — 

13. The apparatus of claim 1 1, wherein Ihe longitudinal passage of the tubular expansion cone 
mandrel is fluidicly coupled to Ae radial pressure port of the tubular «cpansion cone mandrel. 

14. The apparatus of claim 1 1, wherein the L-shaped bypass port of the tubular expansion cone 
mandrel is fluidicly coupled to the annular longitudinal bypass passage, the radial bypass passages of 
the tubular inner mandrel, the L-shaped bypass ports of the tubular hydraulic sUp body, and the radial 
bypass ports of die tubular outer sleeve. 

15. An apparatus for radially expanding and plastically deforming a tubular member, comprising: 
a tubular support member defining a longitudinal passage; 

a tubular outer sleeve coupled to tiie tubular support member defining a longitudinal passage 

and a plurality of radial bypass poit^ 
an hydraulic slip coupled to the tubular outer sleeve for controllably eng^iging the tubular 

member; 

one or more packer cups coupled to the tubular outer sleeve for sealingly engaging the tubular 
m^nber; 

a tubular inner sleeve positioned within and movably coupled to die tubular outer sleeve 

defining a longitudinal passage, an annular longitudinal bypass passage, and one or 
more radial bypass passages; and 

a tubular expansion cone coupled to the tubular inner sleeve defming a longitudinal passage 
having a throat passage for receiving a ball, an L-shaped bypass port, and a radial 
pressure port including an tapered outer expansion surface for radially expanding and 
plastically deforming the tubular member. 

16. The apparatus of claim 15, wherein the longitudinal passages of Ihe tubular outer sleeve and 
die tubular expansion cone are fluidicly coupled. 

17. The apparatus of claim 15, wherein the longitudinal passage ofdie tubular expansion cone is 
fluidicly coupled to the radial pressure port of the tubular expansion cone. 

18. The apparatusofclaim 15. wherein the L^ped bypass port ofthe tubular expansion cone is 
fluidicly coupled to the amiular longitudinal bypass passage and the radial bypass passages of the 
tubular mner sleeve, and the L-shaped bypass ports and the radial bypass ports of the tubular outer 
sleeve. 

19. A method of radially expanding and plastically defonning a weUbore casing positioned within 
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boid»ole lhat traverses a subterranean formation, comprising: 

positioning an outer tubular sleeve and an inner tubular sleeve comprising an expansion cone 
within the borehole, v^herein the imier tubular sleeve is movably coupled to and at 
least partially housed within the outer tubular sleeve; 
injecting a fluidic material into the inner and outer tubular sleeves; 
coupling the outer tubu lar sleeve to ihc wellbore casing; and 

extending the innertubular sleeve out ofthe outer tubular sleeve mto the wellbore casing to 
radially expand and plastically deform a portion of the wellbore casing usmg the 
expansion cone. 

•n.e method of claim 19, wherein injecting a fluidic material into the imier and outer tubular 



20. 



sleeves comprises: 

injectingthe fluidic material into an amiular chamber above the expansion cone. 

21. The meftod of claim 19, farther comprising: 

conveying fluidic materials withm the borehole dispiacea oy ine ex^=. - 

sleeve to a location above flie ecpanaon cone. 

22. The method of clahn 21 , v*eiem conveying fluidic materials within the borehole displaced by 
the extension of the inner tubular sleeve above the expansion cone comprises: 

conveying fluidic materials within the bocehole displaced by the extension of the inner tubular 
sleeve through an amiular passage and one or more radial passages to the location 
above the expansiffli cone. 

23. The method of claim 19, farther comprising: 
depressuring the inner and outer tubular sleeves; 
decoupling the outer tubular sleeve and the wellbore casing; and 
collapsing the outer tubular sleeve onto the mner tubular sleeve. 

24. The method of claim 23. farther comprising: 

injecting a fluidic material into the inner and outer tubular sleeves; 
coupling the outer tubular sleeve to the wellbore casing; 

extendingthe inner tubular sleeveoutofthe outer tubular sleeve into the wellborecasmgto 
radially expand and plastically deform another portion of the v^rellbore casmg. 

25. The method of claim 24. wherein injecting a fluidic material into the inner and outer tubular 
sleeves comprises: 

injecting the fluidic material into an annular chamber above the expansion cone. 

26 The method of claim 24, farther comprising: 

conveyingfluidicmaterialswithintheboreholedisplacedbytheextensionrf 

sleeve to a location above the expansion cone. 
27. Uemethodofclaim26.whereinconveyingfluidicma.erialswiftinthebo^^^ 
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the extension of the inner tubular sleeve above the expansion cone comprises: 

conveying fluidic materials within the borehole displaced by the extension of the inner tubular 
sleeve through an annular passage and one or more radial passages to the location 
above the expansion cone. 
28. An apparatus for radially expanding and plastically defonning a wellbore casing positioned 
witiiin a borehole that traverses a subterranean formation, comprising: 

means for positioning an outer tubular sleeve and an inner tubular sleeve comprising an 
expansion cone within the borehole, wherein the inner tabular sleeve is movably 
coupled to and at least partially housed within the outer tubular sleeve; 
means for injecting a fluidic material into the inner and outer tabular sleeves; 
means for coupling the outer tabular sleeve to the wellbore casmg; and 
means for extending the inner tabular sleeve out of the outer tabular sleeve into the wellbore 
casing to radially expand and plastically deform a portion of the wellbore casing using 
the expansion cone. 

29. ll»e apparatas of claim 28, wherein means for injecting a fluidic material into the inner and 

outer tubular sleeves comprises: 

means for injecting the fluidic material into an annular chamber above the expansion cone. 

30. The aK)aratasofclaim 28, fiiiflier comprising: 

means for conveying fluidic materials within the borehole displaced by the extension of the 
inner tabular sleeve to a location above the expansion cone. 

31. Hie appaiatas of claim 30. wherein means for conveying fluidic materials within die borehole 
displaced by the extension of the inner tabular sleeve above the expansion cone comprises: 

means for conveying fluidic materials within the borehole displaced by the extension ot the 

inner tabular sleeve through an annular passage and one or more radial passages to the 

location above the expansion cone. 

32. The apparatus of claim 28, flirther comprising: 

means for depressuring the inner and outer tabular sleeves; 

means for decoupling the outer tabular sleeve and the wellbore casing; and 

means for collapsing the outer tabular sleeve onto the inner tabular sleeve. 

33 . The apparatas of claim 32, further comprising: 

means for injecting a fluidic material into the inner and outer tabular sleeves; 
means for coupling the outer tabular sleeve to the wellbore casing; 

meansforextendingtheinnertabular sleeve out of the outertabular sleeve into the wellbore 
casing to radially expand and plasticaUy defonn another portion of the wellbore 

34. Tl.eapparatasofclaim33, whcremmeansforinjectingafluidicmatenal mto the .mier and 
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outer tubular sleeves comprises: 

means for injecting the fluidic material into an amiularchmber above the ex^^^^ 

35 The apparatus ofclaim 33, fiirther comprising: 

means for conveying fluidic materials within the boiehole displaced by the extension of the 

inner tubular sleeve to a location above the expansion cone. 

, , . <x,^«n«,.vHiir fluidic materials within the borehole 

36 The apparatus ol ciaim 3d, wuracm j —a — 

displaced by the extension of the inner tubular sleeve above the expansion cone comprises: 

means for conveying fluidic materials within the borehole displaced by the extension of the 

inner tubular sleeve through an annular passage and one or more radial passages to the 
location above the expansion ame. 
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